Growth stimulation leads to cellular senescence when the cell cycle is blocked.
We tested a hypothesis that activation of growth-promoting pathways is required for cellular senescence. In the presence of serum, induction of p21 caused senescence, characterized by beta-Galactosidase staining, cell hypertrophy, increased levels of cyclin D1 and active TOR (target of rapamycin, also known as mTOR). Serum starvation and rapamycin inhibited TOR and prevented the expression of some senescent markers, despite high levels of p21 and cell cycle arrest. In the presence of serum, p21-arrested cells irreversibly lost proliferative potential. In contrast, when cells were arrested by p21 in the absence of serum, they retained the capacity to resume proliferation upon termination of p21 induction. In normal human cells such as WI38 fibroblasts and retinal pigment epithelial (RPE) cells, serum starvation caused quiescence, which was associated with low levels of cyclin D1, inactive TOR and slim-cell morphology. In contrast, cellular senescence with high levels of TOR activity was induced by doxorubicin (DOX), a DNA damaging agent, in the presence of serum. Inhibition of TOR partially prevented senescent phenotype caused by DOX. Thus growth stimulation coupled with cell cycle arrest leads to senescence, whereas quiescence (a condition with inactive TOR) prevents senescence.